Object. Partial resection of the orbital bones is not uncommon during the excision of anterior and anterolateral skull base tumors. Controversy exists regarding the need for and extent of the reconstruction necessary following this resection. The authors studied this factor in a series of patients.
During resection of anterior and anterolateral skull base tumors, it is not uncommon that the orbit be entered. Oncologically sound removal of these tumors, the majority of which are malignant, typically requires resection of one or more of the bony orbital walls. This may be necessary due to direct orbital involvement by the tumor, causing erosion of the orbital bones, or it may be planned so as to include a noninvolved margin of resection. Controversy exists regarding the timing, need for, and extent of orbital reconstruction following these partial orbital bone resections. [1] [2] [3] 8, 10, 13 To clarify these issues a retrospective review of 56 consecutive patients who underwent partial resection of the orbital walls was undertaken. The nature and location of the lesions, the extent of orbital resection and dissection, and ophthalmological outcome are presented.
CLINICAL MATERIAL AND METHODS
We conducted a retrospective review of 56 consecutive patients who were harboring anterior or anterolateral skull base tumors, which required orbital bone resection. There were 22 women and 34 men. Parameters recorded during this review included tumor type and location, extent of orbital involvement by the tumor, surgical approach, extent of orbital resection and dissection, reconstructive procedures, complications, and outcome as measured by the condition of the orbit.
We analyzed the relationships among the extent of orbital wall resection, the presence or absence of orbit-related reconstruction, and postoperative orbit-related complications. One patient required a second resection; thus, 57 orbits were placed at risk and were evaluated for ophthalmological outcome.
The univariate predictors of postoperative complications were assessed using a logistic regression model. Odds ratios and their 95% CIs were obtained. Predictors significant at p Ͻ 0.25 in the univariate analysis were entered in a multivariate logistic regression model. The backward-selection technique was used. A p value of 0.05 or less was considered significant.
RESULTS
Some degree of orbital resection was necessary in each of the 56 patients in this series.
Most tumors arose in the paranasal sinuses or infratemporal fossa and were extensive, commonly extending to more than one anatomical area (Table 1) . Numerous diverse types of lesions were encountered. The most common were squamous cell carcinoma, meningioma, olfactory neuroblastoma, and neuroendocrine carcinoma (Table 1) . These tumors eroded the orbital walls but remained outside the periorbita in 25 patients. Periorbital periosteum invasion was present in five patients, and extension into the orbital fat was observed in three patients. In 24 patients an orbital wall was excised as part of a negative margin; the wall itself was not involved with tumor. Table of Contents   Ophthalmological outcome following orbital resection in  anterior and anterolateral skull base surgery In most patients multiple orbital wall resection was required; single-wall resection was perfomed in only seven patients. Two orbital walls were resected completely or in part in 22 patients, whereas three orbital walls were entirely or partially resected in 28 patients. The periorbita was resected in 17 patients, and in eight patients intraorbital dissection was required. The periorbita was specifically repaired in only one of these 17 patients.
The surgical approaches used for tumor resection are listed in Table 1 . Variations of the classic bifrontal craniotomy approach (anterior craniofacial resection) were used in 33 patients, whereas variations of the unilateral orbitocranial approach were used in 18 patients.
Orbital reconstruction was performed in 23 patients (23 of 57 orbits). Soft-tissue reconstruction alone was conducted in 11 patients, whereas reconstruction only of the orbital bones was performed in eight patients, and both softtissue and bone reconstruction were undertaken in four.
Postoperative ophthalmological complications were noted in 16 patients (16 [28%] of 57 procedures). Postoperative diplopia was noted in seven patients; complete resolution occurred spontaneously in 2 to 3 days in four patients. In the fifth patient diplopia occurred 10 days following surgery and was caused by a cerebral vasospasm-induced transient third nerve paresis. Resolution was coincident with the successful treatment of the vasospasm. In the sixth patient permanent diplopia developed after partial resection of the lateral rectus muscle, which was necessary because of direct tumor invasion. In the seventh patient medial entrapment of the orbital soft tissues with a subsequent esotropia occurred (Fig. 1) . The diplopia resolved spontaneously, although the esotropia remained. Although one patient suffered from radiationinduced optic neuropathy that resulted in decreased visual acuity, resection-related optic neuropathy did not occur in any case.
Nine patients experienced orbital-related complications (nine [16%] of 57 procedures). Lower-lid ectropion in isolation was noted in four patients; it resolved spontaneously in one case in which it was mild. Enophthalmos and/or globe dystopia occurred in four patients. Two of these patients underwent revisional orbital surgery for correction.
Despite the fact that ethmoidal and maxillary surgery was common in this series lacrimal symptoms such as epiphora and dacrocystitis were not reported, which may be due to underreporting of this problem. Alternatively, because most patients in this series underwent superior and posterior ethmoidal surgery, lacrimal problems, which are more frequent in cases of lower to middle anterior ethmoidal surgery, may have been largely avoided.
In patients who underwent resection of all or part of a F. DeMonte, et al. Table 2) . In the 22 patients in whom resection of part or all of two orbital walls was performed, complications were demonstrated in three (14%). The most extensive resections, which included all or part of three orbital walls, resulted in the greatest number of complications (Fig. 2) . Of 28 such resections orbital complications occurred in five cases (18%).
Of the 23 patients in whom some form of reconstruction was required, orbital complications occurred in six. Of the 11 patients who only underwent soft-tissue reconstruction a postoperative complication was observed in three (ectropion in two, enophthalmos/dystopia in one). When only reconstruction of the bone was performed (eight patients) an adverse outcome (enophthalmos/dystopia) was noted in one patient. Two of four patients in whom soft-tissue and bone reconstruction were performed suffered complications (enophthalmos/dystopia/ectropion in one and ectropion in one). Three cases of adverse orbital outcome were observed in the group of 34 patients in whom no form of orbital reconstruction was undertaken (ectropion, entrapment, and enophthalmos/dystopia in one case each).
For the purposes of statistical analysis, the extent of each orbital wall resection was divided into three cate-
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Outcome after orbital bone resection 3 gories: less than two-thirds resection, greater than twothirds resection, and "any" resection. The extent of the resection of each of the four orbital walls was then compared with the presence or absence of a postoperative orbital complication (Table 3) . Resections of any extent of the medial or lateral orbital wall were not predictive of an adverse orbital outcome. Resection of the orbital roof seemed actually to exert a protective effect: the incidence of postoperative complications was lower in the group undergoing such a resection. This result is almost certainly confounded by other variables.
Resection of the orbital floor, especially when a greater than two-thirds resection was performed, was highly predictive of postoperative complications (p Ͻ 0.0001, odds F. DeMonte, et al. 4 Neurosurg. Focus / Volume 10 / May, 2001 The presence or absence of an orbital reconstruction did not seem to be predictive of postoperative outcome. When multivariate analysis was performed, only a greater than two-thirds resection of the orbital floor remained as a significant predictor of postoperative orbital complications.
DISCUSSION
The resection of neoplasms involving the anterior and anterolateral skull base commonly necessitates partial removal of the orbital bones, either due to direct tumor infiltration or as an uninvolved oncological margin of resection. Likewise, the transfacial approaches to the skull base require some degree of manipulation of the soft tissues around the eye. As surgery in and around the orbit has become more commonplace in the era of skull base surgery, controversy has arisen regarding the need for and extent of orbital reconstruction necessary to avoid ophthalmological morbidity. [1] [2] [3] [4] [5] 8, 10, 11, 13 The findings of this study both support and refute conventional perceptions. We found that a greater than twothirds resection of the orbital floor was a statistically significant predictor of postoperative complications; this finding supports the conventional teaching that a greater than 50% loss of the orbital floor will result in enophthalmos and hypoglobus and that primary reconstruction is indicated.
2,13,14 Also of importance is that in all patients with postoperative enophthalmos/dystopia, the periorbita remained intact (Table 4) . Some authors have reported that patients with intact periorbita and undisturbed medial and lateral canthal attachments do not require rigid reconstruction of the orbital floor. Although it is likely that some degree of canthal disruption is due to the extensive orbital bone resections in our patients our recommendation would be that these patients still should undergo orbital and soft-tissue reconstruction to try to reestablish the three-dimensional shape and volume of the orbit. 2 Soft-tissue reconstruction alone was found to be inadequate in our study. A temporalis fascial sling was used in two patients (augmented by a reconstruction plate in one patient), but this therapy did not prevent enophthalmos and hypoglobus in either.
Although our findings support the need for primary reconstruction of defects in which greater than two-thirds resection of the orbital floor has been performed, they do not support the need for reconstruction of isolated defects of the medial or lateral walls of the orbit when the periorbita is intact. Although mild to very mild enophthalmos can occur following medial and lateral wall resections, respectively, we found this to be clinically insignificant in our patients. 12, 14, 15 The medial entrapment of the orbital soft tissues and subsequent esotropia and diplopia that occurred in one patient in this study may have been preventable had the periorbita been repaired; it is not likely that they were due to resection of the medial orbital wall. Based on this it is our recommendation that large periorbital defects be repaired. Temporalis fascia has been successfully used for repair of the periorbita and is favored because of its local availability. 10 The orbitocranial approach was commonly used in the patients in this series. Although the anterior one third of both the orbital roof and lateral wall are included in the craniotomy, and thus replaced at the end of the procedure, the remaining bone of these two walls is typically resected and not replaced. 6, 9 Visible orbital pulsations, when present, were transient, and pulsating exophthalmos did not occur. Occasionally, orbital pulsations have been perceived during slit lamp examination but have been clinically and cosmetically imperceptible. Although recommended by various authors, 4,7,11 our findings and those reported by Catalano and Sen 3 do not support the need for routine reconstruction of orbital roof defects, whether isolated or in combination with medial or lateral wall defects. Reoperations have not been difficult because the dura and periorbita are easily separable.
Lower-lid ectropion occurred in four of our patients and was transient in one (Table 5) . Although not directly related to orbital bone resection per se, ectropion may be in part caused by disruption or lack of appropriate correction of the canthal ligaments. Of greater importance seems to be the use of the lateral rhinotomy incision and the provi-
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Outcome after orbital bone resection 5 sion of radiation therapy, both of which were used in the three patients with permanent lower-lid ectropion in this series. Irradiation after canthal ligament manipulation may inhibit healing and allow for an increase in laxity of the ligament, which in turn may contribute to the ectropion. Fortunately, this is an easily correctable problem, which can be delayed to allow recovery following radiation therapy.
Transient diplopia, affecting six patients in this study, has been reported by others following resection of orbital tumors. 10, 14 The most likely cause is transient edema of the orbital tissues following surgical manipulation.
CONCLUSIONS
Partial orbital bone resection is commonly required during resection of anterior and anterolateral skull base tumors. When the periorbita remains intact, isolated defects of the medial and lateral orbital walls do not need to be primarily reconstructed; the same is true for defects of the orbital roof whether they occur in isolation or in association with medial or lateral wall defects. Large defects of the periorbita should be repaired using the temporalis fascia because it is the most easily accessible autologous tissue available. Removal of the orbital floor (especially when more than two thirds of the bone is excised) requires primary reconstruction whether isolated or as part of a multiple wall resection. Intact periorbita will not necessarily prevent postoperative enophthalmos and hypoglobus in this situation, and three-dimensional reconstruction of the orbit is recommended.
